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Background. The Shingles Prevention Study (SPS) demonstrated zoster vaccine efficacy through 4 years post-
vaccination. A Short-Term Persistence Substudy (STPS) demonstrated persistence of vaccine efficacy for at least 5
years. A Long-Term Persistence Substudy (LTPS) was undertaken to further assess vaccine efficacy in SPS vaccine
recipients followed for up to 11 years postvaccination. Study outcomes were assessed for the entire LTPS period and
for each year from 7 to 11 years postvaccination.

Methods. Surveillance, case determination, and follow-up were comparable to those in SPS and STPS. Because
SPS placebo recipients were offered zoster vaccine before the LTPS began, there were no unvaccinated controls. In-
stead, SPS and STPS placebo results were used to model reference placebo groups.

Results. The LTPS enrolled 6867 SPS vaccine recipients. Compared to SPS, estimated vaccine efficacy in LTPS
decreased from 61.1% to 37.3% for the herpes zoster (HZ) burden of illness (BOI), from 66.5% to 35.4% for incidence
of postherpetic neuralgia, and from 51.3% to 21.1% for incidence of HZ, and declined for all 3 outcome measures
from 7 through 11 years postvaccination. Vaccine efficacy for the HZ BOI was significantly greater than zero through
year 10 postvaccination, whereas vaccine efficacy for incidence of HZ was significantly greater than zero only through
year 8.

Conclusions. Estimates of vaccine efficacy decreased over time in the LTPS population compared with modeled con-
trol estimates. Statistically significant vaccine efficacy for HZ BOI persisted into year 10 postvaccination, whereas statisti-
cally significant vaccine efficacy for incidence of HZ persisted only through year 8.

Keywords. herpes zoster; herpes zoster vaccine; herpes zoster burden of illness; postherpetic neuralgia; persis-
tence of vaccine efficacy.
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66.5%, and incidence of HZ by 51.3%. Zoster vaccine efficacy for
all 3 study endpoints persisted through 4 years postvaccination [2,
3]. Following SPS, 14 270 SPS vaccine and placebo recipients from
12 of the original 22 study sites were re-enrolled into a Short-
Term Persistence Substudy (STPS) and followed from 3.3 to 7.8
years postvaccination to further assess duration of vaccine efficacy
[4]. In STPS, zoster vaccine reduced the HZ BOI by 50.1%, inci-
dence of PHN by 60.1%, and incidence of HZ by 39.6% [4]. Com-
bined results of SPS and STPS demonstrated persistence of
vaccine efficacy through year 5 postvaccination [4]. This Long-
Term Persistence Substudy (LTPS) further assessed duration of
vaccine efficacy by continuing to follow a cohort of SPS vaccine
recipients from 5 to as long as 11 years postvaccination.

METHODS

Study Design and Timeline
The design and results of SPS and STPS have been previously
published [2-4]. In October 2005, SPS placebo recipients who

could be contacted were offered zoster vaccine per SPS protocol,
and >80% elected to receive it [5]. Consequently, LTPS had
no SPS placebo recipients to serve as unvaccinated controls.
Re-enrollment of SPS vaccine recipients into LTPS took place
from 9 March 2006 to 6 June 2007. Closeout calls began on 1
July 2010. Surveillance for HZ ended on 30 December 2010
(Supplementary Data).

Study Population and Sites

LTPS was limited to SPS vaccine recipients at the 12 STPS sites
(Figure 1). A telephone consent procedure to re-enroll subjects
into LTPS was approved by VA CSP, a CSP Human Rights Com-
mittee, and local institutional review boards. Subjects with prior
HZ were ineligible.

Follow-up

Active follow-up, with surveillance for HZ aided by an automat-
ed telephone response system, was the same as in SPS [2, 3] ex-
cept that, as in STPS [4], frequency of contact with subjects with
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Figure 1.

Screening, enrollment and disposition of participants in the Long-Term Persistence Substudy (LTPS). ®During LTPS, 453 Shingles Prevention

Study (SPS) zoster vaccine recipients who did not enroll in the Short-Term Persistence Substudy (STPS) were screened for LTPS, and 321 were enrolled;
®Twao hundred fifty-four participants were withdrawn, died, or were lost to follow-up in STPS before screening in LTPS; ®Participants may have had >1 reason
for not enrolling in LTPS. Participants who withdrew from STPS and were not enrolled in LTPS are not counted in the screened population.
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suspected HZ was reduced from weekly to monthly after week
4. As in SPS, the threshold for evaluating suspected cases of HZ
was set very low to ensure inclusion of mild, atypical, or vac-
cine-modified cases of HZ (Supplementary Data).

HZ Case Determination and Endpoint Measurements

Evaluation of suspected cases of HZ, including diagnosis, man-
agement, and measurement of HZ-associated pain and/or dis-
comfort, was the same as in SPS [2]. Subjects with suspected HZ
were seen as soon as possible after rash onset, again during the
first week if the rash was still evolving, and subsequently on days
8,31, 61,91, 121, 151 and 183; written consent was obtained to
collect clinical data and diagnostic specimens from skin lesions
[6]. As in SPS, confirmed cases of HZ were determined using a
hierarchical algorithm based on central polymerase chain reac-
tion (PCR) assay results, local virus culture, and adjudication by
the Clinical Evaluation Committee (CEC) [2, 6] (Supplementa-
ry Data).

The Initial Zoster Impact Questionnaire and Zoster Brief
Pain Inventory (ZBPI) were used to record subject-reported
HZ pain and/or discomfort (eg, severe pruritus) [2-4, 7, 8]. Re-
sponses were used to determine HZ severity of illness scores and
the presence or absence of clinically significant PHN (defined as
a ZBPI worst pain score of >3 on a 0-10 scale persisting or
appearing >90 days after HZ rash onset) [2-4,7, 8]. The HZ se-
verity of illness score for each case of HZ was defined as the area
under the curve of the ZBPI worst pain and/or discomfort se-
verity plotted against time during the 182-day period after HZ
rash onset [2, 3, 8]. Subjects who did not develop HZ were as-
signed HZ severity of illness scores of zero [2].

The HZ BOI was a composite measure reflecting incidence of
HZ, and severity and duration of HZ pain and/or discomfort in
a population of subjects. It was defined as the sum of the HZ
severity of illness scores of all evaluable cases of HZ in the
group (eg, 60- to 69-year-old zoster vaccine recipients) divided
by the person-years of observation.

Statistical Methods

Definition of HZ BOI and methods for calculating vaccine effi-
cacy for study outcomes were previously published [2-4, 8, 9].
Analysis of incidence of HZ and PHN assumed a Poisson dis-
tribution for events and used a conditional exact method for cal-
culating rates [9-12]. Data management and statistical analysis
employed SAS programming language [13], with exact confi-
dence limits calculated using StatXact [14].

Because there was no concurrent placebo control group, his-
torical control estimates were calculated for HZ BOJ, incidence
of PHN, and incidence of HZ using data from the placebo
groups in SPS and STPS in Poisson regression models for inci-
dence of HZ and PHN and linear regression for HZ severity of
illness (Johnson et al, manuscript in preparation; Supplementary

Data). A primary analysis and 2 sensitivity analyses with histor-
ical control estimates adjusted for age were prespecified in the
LTPS statistical analysis plan. Two of the 3 historical control
estimates were also adjusted for an increase in the incidence of
HZ observed in SPS and STPS placebo recipients over the
study period (the “calendar effect”). The 3 resulting models
were (1) a conservative placebo control group (sensitivity analysis
I) that included data from SPS only and did not include the cal-
endar effect; (2) an intermediate placebo control group (chosen
for the primary vaccine efficacy analysis) that included data
from SPS only but was adjusted to include the calendar effect;
and (3) a contemporary placebo control group (sensitivity analy-
sis IT) that included data from SPS and STPS and was adjusted
for the calendar effect observed in both studies (Supplementary
Tables 1 and 3).

Vaccine effects in LTPS were estimated by calculating vaccine
efficacy for HZ BOI and for incidence of HZ and PHN, and es-
timating 95% confidence intervals (CIs) based on the variance
of the observed LTPS population and treating the historical con-
trol as constant. Analyses were stratified by age at randomiza-
tion in SPS into 2 prespecified age groups: 60-69 years of age,
and >70 years of age.

Supportive analyses assessed the change in vaccine efficacy
for the 3 study outcomes over each year of follow-up. To esti-
mate the effect of zoster vaccine on HZ BOI within a specific
year postvaccination, the HZ severity of illness for that year
was divided by the number of subject-years of follow-up in
that year, and vaccine efficacy for HZ BOI was calculated as
1 - (HZ BOlyaccine/HZ BOlyigtorical Control)- Vaccine efficacy
for incidence of PHN and incidence of HZ within a specific
year postvaccination were calculated similarly. For analyses by
year postvaccination, results from SPS and STPS were pooled
for each year after vaccination for years 1 through 6, with meth-
ods published previously [4]. For years 7 and 8, STPS and LTPS
results were pooled. Only LTPS results existed for years 9-11
postvaccination.

RESULTS

Study Population

Of 7519 screened participants, 6867 (91%) were enrolled into
LTPS (Table 1; Figure 1). Main reasons for subjects not enroll-
ing into LTPS (n=652) are shown in Figure 1. Of the 6867
LTPS subjects, 97.8% were white; 56.3% were men; ages ranged
from 64 to 95 years (median, 74 years); 20.8% were >80 years of
age. On average, subjects were 6 years older when they enrolled
in LTPS (mean age, 74.5 years [standard deviation (SD), 5.8
years]) than when vaccinated in SPS (mean age, 68.3 years
[SD, 5.7 years]). LTPS participants were younger when random-
ized in SPS than subjects screened but not enrolled (mean age at
SPS randomization, 68.3 vs 69.6 years, respectively).
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Incidence of HZ, %
22.4 (6.0-36.6)
21.1 (10.9-30.4)

20.2 (6.7-32.2)
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10.1 (8.6-11.8)
10.7 (8.7-12.9)

Incidence of HZ
10.3 (9.1-11.7)

Zoster Vaccine
Efficacy® for
Incidence of PHN, %
17.1 (=31.0 to 50.9)

49.7 (15.6-72.5)

35.4 (8.8-55.8)
“vaccine efficacy” is still being used as the most appropriate term to describe

Incidence of PHN
per 1000 PY
1.16 (0.69-1.83)
1.44 (0.79-2.41)
1.27 (0.87-1.79)

Zoster Vaccine
Efficacy® for
HZ BOI, %

32.5 (16.6-45.4)
425 (27.5-54.4)
37.3 (26.7-46.4)

HZ BOI
1.58 (1.28-1.95)
1.98 (1.57-2.50)
1.74 (1.48-2.03)

Follow-up
Time, PY
15518
9731
25250

Subjects in
Follow-up,
No.?
4127
2740
6867

Cases of
PHN, No.
18
14
32

157
104
261

Summary of Zoster Vaccine Efficacy for Herpes Zoster (HZ) Burden of lliness, Incidence of Postherpetic Neuralgia, and Incidence of HZ by Age Stratum in the Long-Term
HZ, No.

Persistence Substudy
Cases of

Abbreviations: HZ, herpes zoster; HZ BOI, HZ burden of iliness (1 of the 2 primary SPS endpoints); LTPS, Long-Term Persistence Substudy; PHN, postherpetic neuralgia; PY, person-years; SPS, Shingles Prevention

Vaccine efficacy results are presented as % (95% confidence interval) unless otherwise indicated. The LTPS was a prospective study but, because the subjects and study personnel were aware that the subjects had all
Study.

received zoster vaccine in the SPS, and there were no concomitant placebo groups, it was not a true vaccine efficacy study. Nevertheless,

the estimated reduction in study endpoints observed in the zoster vaccine recipients.
b LTPS participants completed >98% of their monthly contacts: 90% through the automated telephone response system and 8.1% through telephone calls initiated by study site personnel.

2 The LTPS population was stratified by age at the time participants were randomized to receive zoster vaccine or placebo in the SPS: 60-69 years and >70 years.

¢ Primary efficacy analysis using the intermediate model control group.

60-69
>70

Table 1.
Group?,
All

Age

Table 2. Summary of Incidence of Postherpetic Neuralgia (PHN)
in the Long-Term Persistence Substudy by Age Stratum Using
Protocol and Alternative Definitions of PHN

Zoster Vaccine Recipients Enrolled
in LTPS (n =6867)

Incidence of PHN

Cutoff Day for

Defining PHN as Per 1000

HZ Pain After Rash Age Cases of Person-

Onset Group, y PHN, No. Years (95% ClI)

30 days 60-69 42 2.71 (1.95-3.66)
>70 35 3.60 (2.51-5.00)
All 77 3.05 (2.41-3.81)

60 days 60-69 23 1.48 (.94-2.22)
>70 20 2.06 (1.26-3.17)
All 43 1.70 (1.23-2.29)

90 days® 60-69 18 1.16 (.69-1.83)
>70 14 1.44 (.79-2.41)
All 32 1.27 (.87-1.79)

120 days 60-69 12 0.77 (.40-1.35)
>70 10 1.03 (.49-1.89)
All 22 0.87 (.65-1.32)

182 days 60-69 7 0.45 (.18-.93)
>70 4 0.41 (.11-1.05)
All 11 0.44 (.22-.78)

The LTPS population was stratified by age at the time of randomization in the
SPS. The number of participants aged 60-69 years was 4127, who were
followed for 15518 person-years; the number of participants aged >70 years
was 2740, who were followed for 9731 person-years.

Abbreviations: Cl, confidence interval; HZ, herpes zoster; LTPS, Long-Term
Persistence Substudy; PHN, postherpetic neuralgia; SPS, Shingles Prevention
Study; ZBPI, Zoster Brief Pain Inventory.

2 The protocol definition of PHN was zoster pain or discomfort with a ZBPI
score of >3 that persisted beyond 90 days after HZ rash onset.

Surveillance and Follow-up

Participants accrued 25 250 subject-years of follow-up during
the 58 months of LTPS. Mean follow-up time was 3.74 years
(SD, 0.75 years); 88% (6043/6867) completed follow-up per
protocol. LTPS participants completed >98% of their monthly
contacts; reasons for not completing follow-up are shown in
Figure 1.

Suspected Cases of HZ

During LTPS, 978 subjects with rashes and 13 subjects with
unilateral pain/discomfort without rash were evaluated as pos-
sible cases of HZ. When evaluated by LTPS personnel, 347
(35.0%) were classified as suspected cases. Specimens for central
PCR assay were collected from 326 (94%), with valid results ob-
tained from 317 (91%); CEC adjudication was completed for 30
(9%). Of the suspected cases, 76% (263 of 347) were confirmed
cases of HZ, 259 (98%) by PCR assay and 4 (2%) by CEC
adjudication.
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Figure 2. Vaccine efficacy for the 3 study outcomes in the Long-Term
Persistence Substudy—primary analysis and sensitivity analyses. A, Vac-
cine efficacy for herpes zoster (HZ) burden of illness (BOI). B, Vaccine ef-
ficacy for the incidence of postherpetic neuralgia (PHN). C, Vaccine efficacy
for the incidence of HZ. Estimates of vaccine efficacy are plotted with 95%
confidence intervals. For the primary vaccine efficacy analysis, the histor-
ical model placebo control group only incorporated data from the Shingles
Prevention Study (SPS) and was adjusted to include the calendar effect on
the incidence of HZ observed in the placebo group in the SPS. For sensi-
tivity analysis | (conservative assumptions), the historical model placebo
control group incorporated only data from the SPS and did not include
the calendar effect observed in the SPS. For sensitivity analysis Il (con-
temporary assumptions), the historical model placebo control group

Among the 263 confirmed cases of HZ, primary dermatomes
were thoracic (48.7%), cervical (18.3%), trigeminal (14.8%, in-
cluding 12.1% V1), lumbar (10.5%), and sacral (7.3%)—similar
to the distribution of primary dermatomes in SPS [15]. Prodro-
mal pain was reported in 147 (56%) and acute pain in 224 (85%)
cases.

Safety
No serious adverse events judged possibly, probably, or definite-
ly related to vaccination occurred during LTPS. The cumulative

mortality rate was approximately 1% per year, similar to that in
SPS and STPS [2, 16].

Vaccine Efficacy in LTPS (Primary Analysis)

HZ BOI was 1.74 per 1000 person-years: 1.58 among sub-
jects 60-69 years of age and 1.98 among subjects >70 years
of age at SPS enrollment (Table 1). Incidence of protocol-
defined PHN was 1.27 cases per 1000 person-years; 1.16
cases in subjects 60-69 years of age and 1.44 cases in subjects
>70 years of age at SPS enrollment (Tables 1 and 2). Similarly,
the incidence of PHN was greater among older partici-
pants with other duration definitions of PHN up to 120 days
after rash onset (Table 2). Incidence of HZ was 10.3 cases
per 1000 person-years; 10.1 in subjects 60-69 years of age
and 10.7 in subjects >70 years of age at SPS enrollment
(Table 1).

No “calendar effect” (increase over time) was observed in the
incidence of PHN or in the average HZ severity of illness score
(Supplementary Table 1).

In the age- and calendar effect-adjusted “intermediate” his-
torical control group used for the primary vaccine efficacy anal-
ysis, HZ BOI was 2.77 per 1000 person-years, incidence of PHN
was 1.96 cases per 1000 person-years, and incidence of HZ was
13.1 cases per 1000 person-years (Supplementary Table 3). Pri-
mary analysis vaccine efficacy in LTPS was 37.3% (95% CI,
26.7%-46.4%) for HZ BOI, 35.4% (95% ClI, 8.8%-55.8%) for
incidence of PHN, and 21.1% (95% CI, 10.9%-30.4%) for inci-
dence of HZ (Figure 2 and Table 3). Unlike the SPS, vaccine
efficacy in the LTPS appears to be greater in the older age co-
hort for HZ BOI and to be comparable in the 2 age strata for
incidence of HZ (Table 1). Vaccine efficacy in the LTPS also
appears to be greater in the older age cohort for incidence of
PHN.

Figure 2 continued. incorporated data from both the SPS and the
Short-Term Persistence Substudy, and was also adjusted for the calendar
effect on the incidence of HZ observed in the placebo groups of the 2 stud-
ies. TSensitivity analysis | for vaccine efficacy for incidence of PHN yielded
the same result as the primary analysis, as there was no calendar effect
adjustment for the incidence of PHN.
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Table 3. Vaccine Efficacy of Zoster Vaccine Estimated for Years Postvaccination in the Shingles Prevention Study, the Short-Term

Persistence Substudy, and the Long-Term Persistence Substudy

Burden Incidence Incidence
of lliness of PHN of HZ
(Zoster  Vaccine Efficacy for (Zoster Vaccine Efficacy for (Zoster Vaccine Efficacy for

Time Period Since No. of  Vaccine HZ BOI Point Vaccine  Incidence of PHN Point ~ Vaccine  Incidence of HZ Point
Randomization?, y PY Group) Estimate (95% ClI) Group) Estimate (95% ClI) Group) Estimate (95% CI)
SPS + STPS®

Year 1 17584 0.43 79.2 (66.8-86.9) 0.28 83.4 (66.7-95.0) 3.9 62.0 (49.6-71.6)

Year 2 18869 0.78 54.9 (32.0-70.1) 0.37 69.8 (27.3-89.1) 5.4 48.9 (34.7-60.1)

Year 3 15181 0.98 44.4 (17.6-62.5) 0.66 38.3 (—44.7 to 75.0) 6.1 46.8 (31.1-59.2)

Year 4° 6264 0.76 66.9 (37.5-82.5) 0.64 60.7 (-36.3 to 91.0) 7.8 44.6 (20.5-61.8)

Year 5° 3180 0.68 74.9 (48.6-87.7) 0.63 73.8 (-37.8 t0 97.3) 8.2 43.1 (56.1-66.5)

Year 6° 4850 1.81 23.6 (-58.1 to 63.1) 0.83 32.0 (-100.0 to 87.3) 9.9 30.6 (6.0 to 54.6)
LTPS

Year 7° 6865 1.37 47.7 (20.9-65.5) 1.31 26.3 (-40.0 to 66.3) 7.0 46.0 (28.4-60.2)

Year 8° 6564 1.46 46.2 (25.8-61.0) 1.37 27.5 (-37.5 t0 66.9) 9.0 31.1 (11.2-47.6)

Year 9 6280 2.04 27.6 (4.5-45.1) 0.80 60.5 (7.7-87.2) 12.3 6.8 (—16.5 to 26.4)

Year 10 5005 1.95 33.3 (1.5-54.8) 1.20 44.2 (-21.5t0 79.5) 1.4 14.1 (-11.3 t0 34.9)

Year 11 1470 2.80 7.9 (—48.6 to 42.9) 2.04 11.5 (=100.0 to 81.7) 13.6 —1.7 (-57.1 t0 37.9)
SPS (years 0.0-4.9)° 58203 0.73 61.1 (51.1-69.1) 0.46 66.5 (47.5-79.2) 5.4 51.3 (44.2-57.6)
STPS (years 3.3-7.8)° 9967 1.42 50.1 (14.1-71.0) 0.70 60.1 (—8.8 to 86.7) 8.4 39.6 (18.2-55.5)
LTPS (years 4.7-11.6) 25250 1.74 37.3 (26.7-46.4) 1.27 35.4 (8.8-55.8) 10.3 21.1 (10.9-30.4)

Results of the primary vaccine efficacy analysis by year postvaccination are reported here for the SPS + STPS (years 1-6), and for the LTPS (years 7-11).
Abbreviations: BOI, burden of illness; Cl, confidence interval; HZ, herpes zoster; LTPS, Long-Term Persistence Substudy; PHN, postherpetic neuralgia; PY, person-
years; SPS, Shingles Prevention Study (primary efficacy study for the zoster vaccine); STPS, Short-Term Persistence Substudy.

@ For the calculation of vaccine efficacy in years 4 and 5 postvaccination, HZ events and PY of follow-up were pooled for the zoster vaccine recipients in the SPS and
the STPS. For year 4, PY were 97 % from the SPS and 3% from the STPS. For year 5, PY were 16% from the SPS and 84% from the STPS. For year 6, 100% of the

events and PY were from STPS subjects.
® Results previously published [4] and shown here for reference.

¢ For the calculation of vaccine efficacy in years 7 and 8, HZ events and PY of follow-up were pooled for the zoster vaccine group in the STPS and the LTPS, and
historical model placebo control groups were determined by incorporating data from the placebo group in the SPS. For year 7, 31% (2136/6861) of PY were from the
STPS and 69% (4725/6861) were from the LTPS. For year 8, 8% (542/6577) of PY were from the STPS and 92% (6035/6577) were from the LTPS.

For years 9-11, HZ events and PY of follow-up for the zoster vaccine group were all from LTPS subjects, and historical model placebo control groups were
determined by incorporating data from the placebo group in the SPS. There were 37 PY of follow-up from 294 subjects in year 12; these were excluded from

the by-year analysis.

Vaccine Efficacy by Year Postvaccination

The previously published pooled analysis of SPS and STPS
showed that vaccine efficacy for both HZ BOI and incidence
of HZ were significantly greater than zero for each year, through
year 5 postvaccination [4]. Pooled SPS and STPS results for
years 1-6 are presented again (Table 3) for comparison.

The primary analysis for years 7-11 shows decreasing vaccine
efficacy over time for HZ BOI and incidence of HZ (Figure 3).
Person-years of follow-up ranged from 6865 in year 7 to 5005 in
year 10, but were only 1470 in year 11 (Table 3). Vaccine effi-
cacy for HZ BOI declined from 47.7% (95% CI, 20.9%-65.5%)
in year 7 to 33.3% (95% CI, 1.5%-54.8%) in year 10, and vaccine
efficacy for incidence of HZ declined from 46.0% (95% CI,
28.4%-60.2%) in year 7 to 14.1% (95% CI, —11.3% to 34.9%)
in year 10 (Table 3). Vaccine efficacy for incidence of PHN
did not decline in LTPS from year 7 (26.3% [95% CI, —40.0%

to 66.3%]) through year 10 (44.2% [95% CI, —21.5% to
79.5%]), but CIs were much wider than for the other 2 study
endpoints, with only 1 year (year 9) in which the CI excluded
zero (Table 3). Although vaccine efficacy for all 3 study end-
points declined with time postvaccination, wide CIs for
by-year estimates of vaccine efficacy preclude year-to-year
comparisons.

DISCUSSION

Estimated vaccine efficacy in LTPS is 39% lower for HZ
BOI, 47% lower for incidence of PHN, and 59% lower for inci-
dence of HZ than vaccine efficacy in SPS (Table 3) [2], and 26%
lower for HZ BOI, 41% lower for incidence of PHN, and 47%
lower for incidence of HZ than vaccine efficacy in STPS
(Table 3) [4].
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Figure 3. Vaccine efficacy for the 3 study outcomes by year postvaccination. A, Vaccine efficacy for herpes zoster (HZ) burden of illness (BOI). B, Vaccine
efficacy for incidence of postherpetic neuralgia (PHN).
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Figure 3 continued.  C, Vaccine efficacy for incidence of HZ. Estimates of vaccine efficacy are plotted with 95% confidence intervals. Results from the
Shingles Prevention Study (SPS) and Short-Term Persistence Substudy (STPS) were previously published [2, 4]. For the primary vaccine efficacy analysis, the
historical model placebo control group only incorporated data from the SPS and was adjusted to include the calendar effect on the incidence of HZ observed
in the placebo group in the SPS. For sensitivity analysis | (conservative assumptions), the historical model placebo control group incorporated only data from
SPS and did not include the calendar effect on the incidence of HZ observed in the SPS. For sensitivity analysis Il (contemporary assumptions), the historical
model placebo control group incorporated data from both the SPS and the STPS, and was also adjusted for the calendar effect on the incidence of HZ
observed in the placebo groups of the 2 studies. For year 4, person-years were 97% from SPS and 3% from STPS. For year 5, person years were 16% from
SPS and 84% from STPS. For years 6, 100% of the events and person-years were from STPS subjects. *Data for years 5—6 from the Long-Term Persistence
Substudy (LTPS) are excluded; *For years 7 and 8, both STPS and LTPS contribute vaccine group data. Vaccine efficacy for primary and sensitivity analyses in

years 7 to 11 include only data from the LTPS.

Previous analyses for each year from 1 through 7 years postvac-
cination in the combined SPS and STPS populations showed a de-
cline in vaccine efficacy after the first year postvaccination for all 3
endpoints, but demonstrated that vaccine efficacy for HZ BOI and
incidence of HZ was statistically significant for each year through
year 5 [4]. Analysis of vaccine efficacy in LTPS for each year from
7 through 11 years postvaccination showed that vaccine efficacy
continued to decline, but remained statistically significant
through year 8 postvaccination. However, wide Cls preclude de-
finitive conclusions from year-to-year comparisons.

Absence of a placebo group in LTPS required use of historical
controls, based on data from placebo recipients in SPS and STPS,
to calculate vaccine efficacy. The calculated vaccine efficacy in
LTPS is affected by a temporal increase in the age-specific inci-
dence of HZ observed during SPS and STPS (the “calendar ef-
fect”), which was incorporated into 2 of the 3 historical control
groups (Supplementary Tables 1 and 3), including that used for

the primary vaccine efficacy analysis. No such “calendar effect”
was observed for incidence of PHN or average HZ severity of ill-
ness scores. However, the “calendar effect” increased the calculat-
ed vaccine efficacy for incidence of HZ and, to a lesser degree, for
HZ BOI (which incorporates incidence of HZ).

Most [17-20], but not all [21, 22], retrospective epidemiolog-
ical studies employing medical records or healthcare utilization
data indicate that the age-specific incidence of HZ has been in-
creasing, beginning long before, and independent of, the intro-
duction of varicella vaccine. Moreover, absence of exposure to
varicella does not appear to increase the age-specific incidence
of HZ [20, 23, 24]. These observations indicate that, at least in
the short term, elimination of boosting of immunity to VZV by
asymptomatic exogenous reinfection of latently infected adults
is not responsible for the “calendar effect.”

The prospective nature of SPS and STPS, active follow-up
with capture of even mild and atypical cases of HZ, retention of
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almost all enrolled subjects to the end of the study, and provi-
sion of antiviral therapy eliminated most of the potential causes
of the “calendar effect” observed in retrospective epidemiologic
studies [18-21]. Although the calendar effect was observed for
incidence of HZ among placebo recipients in SPS and STPS,
there was no comparable increase with time in incidence of
PHN or in the average HZ severity of illness scores (Supplemen-
tary Table 1). This suggests that mechanisms involved in reac-
tivation of latent VZV and development of HZ may be different
from those governing the severity and duration of HZ-associated
pain and discomfort and development of the persistent neuro-
pathic pain of PHN.

The comparable mortality rates among vaccine and placebo
recipients in SPS and STPS and the absence of additional vac-
cine-related serious adverse events in LTPS support the long-
term safety of zoster vaccine [2, 4, 16].

The LTPS has limitations: It was designed to provide descrip-
tive results with no prespecified hypotheses for vaccine efficacy,
there were no concurrent controls, and study participants and
investigators were aware of subjects’ vaccination status. Conse-
quently, the results reported do not represent true vaccine effi-
cacy. However, for lack of a better descriptor, we have used
“vaccine efficacy” to describe the effects of zoster vaccine. The
LTPS population was limited in size by resources, permitting
enrollment of SPS vaccine recipients only at the 12 SPS sites in-
cluded in STPS. Thus, the study protocol was approved with
sample size estimates with adequate power (>90%) to detect
vaccine efficacy for incidence of HZ greater than zero if the vac-
cine efficacy was as low as 20%, but LTPS was not powered to
detect a specific time-point at which vaccine efficacy fell below a
prespecified level. The necessity of constructing age- and calen-
dar effect-adjusted placebo control groups to calculate vaccine
efficacy because there was no placebo group in LTPS introduced
potential bias, as the controls were derived from placebo recip-
ients followed in SPS and STPS, and there were limited clinical
data for modeling projected rates. Alternative models were eval-
uated; 2 were chosen for sensitivity analyses and 1, the “inter-
mediate” placebo control model, was chosen for the primary
efficacy analysis (Supplementary Table 3; Johnson et al, manu-
script in preparation). Sensitivity analyses support the results of
the primary vaccine efficacy analysis (Figures 2 and 3), and
LTPS showed a continuation of the temporal decline in vaccine
efficacy observed in the STPS.

The declining levels of protection against HZ and PHN
with increasing time postvaccination may be due to declining
levels of vaccine-induced immunity to VZV with increasing
time postvaccination, as well as to declining host immune re-
sponses as the SPS vaccinees grow older (ie, to immunosenes-
cence). A better understanding of both phenomena will be
important as our population ages and the need for adult vac-
cines increases.

While statistically significant values for vaccine efficacy are
presented, it is clinically significant efficacy that should inform
public health policy and vaccine utilization. The decline in effi-
cacy reported here suggests that the clinical efficacy of zoster
vaccine becomes increasingly limited beyond 5-8 years postvac-
cination. Thus, although it is essential to administer zoster vac-
cine to older adults to protect against HZ and its debilitating
complications, new strategies will be needed to maintain protec-
tion as vaccine recipients grow older. Our findings support the
need for adequately powered and controlled prospective studies
to assess long-term protection against HZ and its debilitating
complications, as well as the efficacy of revaccinating zoster vac-
cine recipients.
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